Tetrahydroquinoline derivatives have attracted considerable attention from organic and medicinal chemists primarily because they display a wide range of physiological activities.
1,2 Several derivatives have been found to elicit potent biological responses leading to analgesic, antiallergenic, anticonvulsant, and antifertility and NMDA antagonist activities.
3 Traditional methodologies for the formation of tetrahydroquinoline derivatives mainly include the Povarov reaction 4 and reduction of quinolines.
5 Recently, we have reported the synthesis of tetrahydroquinolines through organocatalytic C-H bond functionalization via tandem 1,5-hydride transfer and ring closure.
6 Despite significant advances in this field, one of the critical shortcomings of many organocatalysis reactions reported to date include long reaction times.
Over the past two decades, the application of microwave irradiation towards the acceleration of a wide range of organic and inorganic reactions, has received considerable attention. 7 The main benefit of performing reactions under microwave (MW) irradiation condition is the significant rate-enhancements, cleaner reaction profiles, and the higher yields that can frequently be observed. Recently, microwaveassisted synthesis of pyrido-fused heterocycles applying the tert-amino effect was reported.
8 To the best of our knowledge, there are no examples of microwave-assisted organocatalytic synthesis of tetrahydroquinolines via hydride transfer and cyclization.
As part of the research program related to the development of synthetic methods for the catalytic carbon-carbon bond formations, 9 we recently reported the organocatalytic conjugate addition reaction to α,β-unsaturated carbonyl compounds 10 and the other Michael acceptors.
11 Herein, we wish to describe the organocatalytic synthesis of tetrahydroquinoline derivatives via 1,5-hydride transfer/ring closure sequences under microwave (MW) irradiation condition. We have reported the use of organocatalysts for the transformation of 1 to 2 via imminium ion A and enamine B (Scheme 1).
6
To determine suitable reaction conditions for the organocatalytic intramolecular redox reaction, we initially investigated reaction of o-(N-azonanyl) cinnamaldehyde 1a catalyzed by pyrrolidine (30 mol %) and TFA (30 mol %) in various solvents under constant power of MW. The results of representative selection of microwave-assisted intramolecular redox reaction are summarized in Table 1 . Concerning the solvent, the use of acetonitrile gave the best results, whereas the use of 1,2-dichloroethane, toluene, and ethanol Scheme 1. Organocatalytic intramolecular redox reaction. To examine the generality of this protocol, we have examined several o-dialkylamino-substituted cinnamaldehydes 1a-1h to confirm the efficiency of MW activation for this intramolecular tandem reaction via 1,5-hydride transfer and 6-endo cyclization. The corresponding cinnamaldehyde 1a-1e containing seven-to nine-membered amine and tetrahydroisoquiniline donors readily afford to the corresponding products with high yields with 30 min under MW power of 50 W (Table 2 , entries 1-5 and 8). Pyrrolidine-and piperidine-substituted cinnamaldehydes 1f-1g were also converted to the corresponding products 2f-2g under MW power of 200 W (Table 2, entries 6-8). The relative configuration of major diastereomer of 2 was established by comparison of the 1 H-NMR spectral data with previously reported data.
In conclusion, we have developed microwave-assisted organocatalytic synthesis of tetrahydroquinolines via hydride transfer and cyclization. The synthetically useful ring-fused tetrahydroquinoline derivatives were obtained in high yields with short reaction time. Further investigations for organocatalytic hydride transfer are ongoing and will be reported in due course.
Experimental Section
General. All commercial reagents and solvents were used without purification. TLC analyses were carried out on precoated silica gel plates with F 254 indicator. Visualization was accomplished by UV light (254 nm), I 2 , p-anisaldehyde, ninhydrin, and phosphomolybdic acid solution as an indicator. Purification of reaction products was carried out by flash chromatography using E. Merck silica gel 60 (230-400 mesh). Typical Procedure. To a stirred solution of (E)-3-(2-(azonan-1-yl)cinnamaldehyde (1a, 77.2 mg, 0.3 mmol) and TFA (6.9 μL 0.09 mmol) in acetonitrile (3 mL) was added pyrrolidine (7.5 μL, 0.09 mmol) into a 10 mL flask equipped with a condenser. The reaction mixture was placed in the microwave cavity and exposed to microwave irradiation for 10 min at 80 o C using irradiation power of 50 W. On cooling to room temperature, the mixture was diluted with EtOAc, washed with water. The organic layer was dried over anhydrous MgSO 4 , filtered, concentrated, and purified by flash column chromatography to give the desired product (2a, 93%, 71.8 mg).
5, 6,6a,7,8,9,10,11,12,13 7, 56.8, 56.7, 48.9, 47.9, 32.9, 28.7, 28.1, 27.5, 26.9, 26.6, 26.3, 26.1, 25.3, 25.1, 25.0, 24.6, 23.9, 22.5 202.6, 143.8, 143.6, 129.6, 129.4, 127.4, 126.9, 118.5, 117.3, 115.5, 115.4, 111.5, 111.2, 58.3, 58.0, 53.3, 53.0, 48.9, 48.5, 33.7, -6,6a,7,8,9,10,11,12- 3-Bromo-6,6a,7,8,9,10,11,12-octahydro-5H-azocino[1,2-a]quinoline-6-carbaldehyde (2d): 77:23 diastereomeric mixture.
1
H NMR (200 MHz, CDCl 3 ) δ 9.81 (s, 0.3H), 9.49 (s, 1H), 7.22-7.09 (m, 2.6H), 65.7-6.49 (m, 0.3H), 64.6-6.39 (m, 1H), 3.93-3.79 (m, 2H), 3.78-3.65 (m, 0.6H), 3.27-3.14 (m, 1.3H), 3.07-3.05 (m, 2H) 3, 202.0, 142.7 (x 2), 131.9, 131.7, 130.0 (x 2), 120.7, 119.4, 113.0, 112.7, 107.0 (x 2), 58.2, 57.9, 53.3, 53.0, 48.6, 48.5, 33.7, 29.9, 27.6 (x 2), 26.4, 26.2, 25.9 (x 4) 5, 6, 6a, 7, 8, 9, 10, quinoline-6-carbaldehyde (2e): Major diastereoisomer. 3, 143.8, 129.4, 127.4, 117.0, 115.6, 110.3, 58.2, 49.5, 47.8, 34.9, 26.5, 26.0, 25.8, 23.7 6, 143.9, 128.8, 127.6, 122.0, 117.5, 112.5, 56.4, 51.9, 48.3, 31.2, 25.9, 24.9, 24.0 142.7, 130.9, 130.2, 116.4, 111.8, 107.3, 57.7, 49.8, 46.6, 31.5, 28.2, 23.9 6, 144.5, 136.7, 136.0, 129.3, 127.4, 126.9, 126.5, 124.3, 121.9, 118.4, 113.7 (one aromatic carbon missing due to overlapping), 56.9, 47.7, 46.3, 25.7, 24.3 
